We performed the optimization of lattice constants of Group-III nitrides (InN, AlN, GaN) in wurtzite and Zinc blende structures using various semilocal exchange correlation functional in generalized gradient approximations (GGA) namely PBE, WC, PBEsol in addition to local density approximation (LDA) functional. We used these optimized lattice parameters to predict the band gap values using modified Becke Johnson exchange potential with original and improved parameterization as suggested by David Koller for semiconductors having band gap values below 7eV. Among the different functionals considered, PBEsol optimize the lattice parameters with smallest mean error (0.00639 Å) relative to experimental values, while WC approximation with a slightly greater value of mean error (0.00513 Å). It is shown that mBJLDA approximation improves the band gap for the materials studied when compared with LDA and GGA results. It is also shown that LDA optimized parameters with mBJLDA approximation, which leads to mean error of 0.162 eV reproduces the experimental band gap in most efficient way.
INTROdUCTION
Group III-nitride semiconducting materials form the host material system for the fabrication of optoelectronic devices working in wide spectrum from infrared region to ultraviolet region [1] [2] [3] . Alloying the other group III or V elements in host material tune the optical and structural properties for desired potential applications. There are reports, which show the nonlinear variation in structural properties and strong shrink in band gap of InNBi alloy with composition of Bi 4 . For both wurtzite and zinc blende phases, the band gap varies from 0.8 eV to 3.5 eV of InGaN alloys with Ga composition 5 . For designing new materials and tailoring them for desired optical applications, we need a fast and accurate determination of their band gap values. The calculation of properties of proposed materials using computational methods provides an efficient way for the experimentalist to predict band gap prior to their synthesis. Density functional theory based methods are tools of interest to compute these properties due to their low computational cost. The standard DFT local LDA and semi local GGA exchange correlation functional suffered from self-interaction problem, which leads to the underestimation of band gaps relative to experimental values [6] [7] [8] . Therefore, alternative methods are used to predict accurate band gaps of materials. Quasi particle self-consistent GW method gives best theoretical description of electronic properties of materials [9] [10] [11] . However due to their large computational cost these methods usually not applied to large systems. The hybrid semi local exchange with nonlocal Fock exchange [12] [13] provides the band gaps comparable to GW results at a relatively low cost still much expensive as compared to standard local and semi local exchange functional. Recently Tran and Blaha proposed a multiplicative exchange potential 15 modifying over original Becke Johnson potential 15 which predict the band gap with accuracy comparable to GW method but at cost in the range of semi local functional. We used the TB-mBJ potential to calculate theoretical band gaps of Group III nitrides in wurtzite and Zinc blende structures using original and improved parameterization for empirical parameter 'c' in equation(4) of reference 16 .
A small deviation in lattice parameters may result in significant variation in band gaps for same semiconductor 17 . Therefore, while calculating band gap the optimization of lattice parameters should be done in an efficient way, which in turn depends upon the selection of proper exchange correlation functional. TB-mBJ is an exchange potential and cannot be obtained as a derivative of exchange correlation energy. Thus, lattice parameters have to be optimizing with LDA or GGA approximation before calculating the band structure with TB-mBJ potential 14 . In Kohn Sham (KS) equations based density functional theory 18, 19 the exact exchange correlation functional is not known. Thus, it is of utmost importance to select a proper functional for the problem in hand.
In the present work, we performed the optimization of lattice parameters of materials under study of group-III nitrides using four approximations i.e. LDA 20, 21 , PBE 22, 23 , WC 24 and PBEsol
25
. With these lattice parameters, the band gaps were calculated using mBJLDA exchange correlation potential with original and improved version suggested for semiconductors having band gap below 7 eV.
METHOd
All the calculations were carried out using DFT based all electron full potential linearized augmented plane wave and local orbital (FPLAPW + lo) method as implemented in wein2k code. 26 Three GGA functionals i.e. PBE, WC and PBEsol were considered for taking into account the exchange correlation effect. For improving the band gaps as obtained with local and semilocal functional, we employed mBJ exchange potential in combination with LDA correlation 14 . The mBJ exchange potential is defined by equation (4) (1)
Where r being the electron density, t is the kinetic energy density and v x TB-mBJ is the BeckeRussel potential and parameter c is given by Table 1 . . All the calculations were converged with respect to number of k-points in Brillouin zone and the value of R mt K max (between 8 and 10) defining the size of basis set used. For analyzing results, the following statistical quantities have been used: mean error (ME), mean absolute error (MAE), mean relative error (MRE, in percentage), and mean absolute relative error (MARE, in percentage).
RESULTS ANd dISCUSSION

Equilibrium Lattice constant
A t a m b i e n t c o n d i t i o n s I I I -n i t r i d e semiconductors prefer to crystallize in hexagonal structure with space group P6 3 mc 27 . However, these materials can also be grown in zinc blende structure using experimental techniques like molecular beam epitaxy 27 . The wurtzite structure can be supposed to be the interpenetration of the two hexagonal structures with relative displacement along c axis of unit cell while zinc blende structure can be imagined as the interpenetration of two face centered cubic structures with one displaced relative to other by one fourth along body diagonal of unit cell. The wurtzite structure is characterized by three parameters namely a, c/a and u while the zinc blende unit cell by only one parameter a. The optimized lattice parameters obtained with different approximations are shown in Table 2 with respective errors ME, MAE, MRE and MARE in various calculations written at bottom of the table.
The calculated results are also shown graphically in Fig. 1 in which the inclined straight line represents the experimental values while calculated parameters by different symbols. III-N (InN, AlN, GaN) using various functionals
The graph shows that the PBEsol lattice constants lie closest to experimental values as compared to other results. The equilibrium LDA lattice constant underestimate while PBE overestimate the experimental values with ME of -0.0341 Å and 0.048 Å respectively as reported earlier 29 . The functional WC and PBEsol yields the lattice constants much closer to experimental values as suggested by lowest values of statistical quantities written at the bottom. With small differences in ME, MAE, MRE and MARE for WC and PBEsol approximations, both of these functional are equally applicable for optimization of lattice constant for Group-III nitrides. Table 3 shows a comparison of our calculated WC and PBEsol optimized lattice constants with hybrid density functional results 30, 31 and lattice parameters optimized with OPT functional as given in recently proposed database 32 . The comparison concludes that PBEsol reproduces the experimental values in better way, supported by minimum values of ME and MAE of 0.0063 Å and 0.0073 Å when compared with present WC, hybrid functional used in reference 31 with ME, MAE of -0.0073 Å, 0.0091 Å and OPT functional used in reference 32 with ME and MAE of 0.041 for InN, AlN, GaN in wurtzite and zinc blende structures respectively. The hybrid functional with optimized α parameter used in reference 30 underestimate the lattice constants for III-N semiconductors in zinc blende phase with ME of -0.018 Å while the present PBEsol results overestimate with ME of 0.0063 Å. 33 .
Band gap
The calculated band gap values for III-nitrides in wurtzite and zinc blende structures are shown in Table 4 along with the various errors namely ME, MAE, MRE, MARE given at bottom of the Table. The results are also shown graphically in Fig. 2 . All the local and semilocal functionals strongly underestimate the band gaps with mean error of about -1.5 eV, mean relative error of about -60%. This is due to self interaction effect suffered by the respective functional used. The application of mBJ exchange potential in association with LDA correlation as suggested by Tran Blaha 14 improves the band gaps leading to a decrease in ME and MARE to values of order of -0.2eV and 10% respectively. A further slight improvement in band gap is obtained with improved version 16 of mBJLDA approximation leading to the reduction in various errors as shown at the bottom of the Table 4 except for the results at LDA optimized lattice constants where the errors increase. Further, in case of wz InN the improved mBJLDA approximation increases the deviation from experimental values as compared to original mBJLDA version. The best agreement with experimental values is obtained with mBJLDA approximation at LDA optimized parameters with MAE and MARE of 0.162eV and 7.41% respectively. However the results obtained with improved mBJLDA at WC and PBEsol optimized lattice constants also compete in accuracy with mBJLDA + LDA as suggested by MAE and MARE values of 0.198eV, 0.199eV and 9.81%, 9.99% respectively. On comparing our results with other mBJLDA band gaps we found an improvement as shown in Table 5 , this is due to the reason that the reported calculations were performed at experimental lattice constants while our calculations are at optimized parameters which is obvious as suggested by J.A. Camargo that the band gaps calculated with experimental lattice constants show greater deviation from experimental band gap values using mBJLDA potential 14 .
As GW and hybrid density functional methods are known for the best theoretical methods to describe the electronic structure of solids so it is necessary to compare our results with above said methods, in addition, the band gaps calculated at OPT optimized lattice parameters as given in recently launched database 32 are also shown in Table 5 for comparison. The MAE of 0.198eV for mBJLDA band gaps suggest that this approximation have the accuracy of the order of hybrid density functional and GW methods having the MAE of 0.105 eV and 0.189 eV respectively as implemented in references 35 , 36 respectively but at relatively lower computational cost. For zinc blende III-N semiconductors, mBJLDA with PBEsol optimized geometry gives band gaps in better agreement with experimental values with MAE of 0.104 eV as compared to 0.203 eV when 
CONCLUSION
We have made a systematic investigation, by the use of various local and semi local functionals, for optimization of lattice constants and prediction of band gaps of group-III nitrides (InN, AlN, GaN) in wurtzite and zinc blende structures. Importantly, the PBEsol exchange correlation functional is found to provide lattice constant closest to experimental values shown by smallest M(A)E, M(A)RE of 0.00513 Å (0.0063 Å ) and 0.101%( 0.131%) with WC approximation also competing it with corresponding errors 0.00639 Å (0.00703 Å ) and 0.124% (0.142%) for the materials studied. Further, these approximations have also predicted the band gap values closer to their experimental values when combined with mBJLDA potential with parameterization suggested for semiconductors. However, the best agreement for band gap values with experiment is obtained with mBJLDA +LDA approximation.
